We sought to develop and validate a simple clinical prediction rule for death and severe disability after acute ischemic stroke that can be used by general clinicians at the time of hospital admission.
A CUTE ISCHEMIC STROKE results in death or severe dependence in approxim a t e l y o n e -t h i r d o f patients hospitalized with acute stroke by 1 month. 1 At the time of admission, clinicians are frequently requested to estimate the likelihood of death and severe disability in the intermediate-and long-term poststroke period. Such information may be used to inform clinical decision making, such as resuscitation status, deciding on a palliative approach to care, or projecting the need for rehabilitative services and longterm care. In general, clinicians assume a nonstandardized approach to estimating prognosis, based on clinical experience and knowledge from the literature of clinical factors that are associated with an increased or reduced risk of death and severe disability.
Several prognostic rules have been developed for acute ischemic stroke [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ; however, none has achieved widespread use in clinical practice. Clinical prediction rules are more likely to be accepted in clinical practice if they are memorable, are easy to use by nonspecialist clinicians, and possess adequate discrimination to predict clinically important outcomes. In stroke medicine, notable examples of prediction rules that are used widely for other clinical purposes include CHADS 2 (congestive heart failure, hypertension, age Ͼ75 years, diabetes mellitus, and previous stroke or transient ischemic [TIA] attack) 21 and ABCD 2 (age, blood pressure, clinical features, duration of TIA, and presence of For editorial comment see page 1536 diabetes mellitus), 22 which predict the risk for ischemic stroke in patients with atrial fibrillation and recent TIA, respectively. In fact, as exemplified by CHADS 2 and ABCD 2 , [23] [24] [25] the simplicity of a prediction rule appears to be a more important determinant of its clinical use than high predictive precision.
In the Registry of the Canadian Stroke Network (RCSN), we derived and validated a simple clinical prediction rule for acute ischemic stroke that may be used by nonspecialist clinicians at the time of admission.
METHODS

POPULATION
The RCSN collects detailed clinical data on consecutive patients with acute stroke and TIA seen in emergency departments or admitted to 11 regional stroke centers in Ontario, Canada. 26 Patients with TIA, with intracerebral or subarachnoid hemorrhage, or younger than 18 years were excluded from the present study (Figure 1) . In addition, patients receiving thrombolysis therapy were excluded from the analyses, since thrombolysis alters the natural history of disability after stroke and is not available in many centers (but is included in a post hoc sensitivity analysis in the present study).
The RCSN is "prescribed" under Ontario's Personal Health Information Protection Act, and patient data are collected without patient consent for the purpose of facilitating the provision of stroke care in the province of Ontario. Therefore, the cohort represents consecutive hospital admissions of patients with acute ischemic stroke. The RCSN is housed at the Institute for Clinical Evaluative Sciences in Ontario, where it is linked to population-based administrative databases using encrypted unique patient identifiers.
Approval for use of the RCSN was obtained from the Research Ethics Board at each participating center, as well as from the Research Ethics Board of Sunnybrook Health Sciences Centre. The study was reviewed and approved by the RCSN Publications Review Committee.
DATA COLLECTION AND DEFINITION OF VARIABLES
In consecutive patients with ischemic stroke, medical record data abstraction was performed during and after the hospital admission by experienced neurology research nurses (including L.G.) using custom software and laptop computers. Chart reabstraction studies 26 have shown excellent agreement within the RCSN database, with scores greater than 0.8 for key variables (age, sex, stroke type, and comorbid conditions).
For the present study, we included all routinely captured baseline variables that have been reported to be associated (or proposed to be associated) with a poor outcome (death or severe dependence). Variables were divided into 3 categories. The first of these categories included preadmission factors, including age, sex, preadmission dependence, hypertension, diabetes mellitus, hyperlipidemia, congestive heart failure, myocardial infarction/ angina, atrial fibrillation, chronic liver disease, dementia, and cancer. A history of hypertension, cancer, diabetes mellitus, and smoking was based on documentation in the patient's admission notes and did not include a new diagnosis made during incident hospitalization. The second category comprised initial clinical features, including weakness of the face, arms, and legs; aphasia; dysphagia; neglect; visual field deficit; and side of the symptoms. Although the RCSN records stroke severity based on the Canadian Neurological Scale (CNS), 27 we did not use this composite measure in the present study because stroke severity scales are not completed in most stroke patients in routine clinical practice. 19 The final category of variables included results of investigations (at the time of admission), including blood pressure (systolic and diastolic), temperature, hemoglobin level, white blood cell count, and creatinine. We did not include stroke subtype, based on either the Oxfordshire Community Stroke Project or Trial of Org 10172 in Acute Stroke Treatment (TOAST) subtype, because both require specialist expertise for valid determination and TOAST requires the results of investigations that usually are not available at the time of admission of many patients. Clinical assessments were completed by a local stroke specialist (usually a neurologist). Neuroimaging was performed in 98% of the patients.
Disability at discharge was captured using the modified Rankin score, which is recorded for all patients in the RCSN database. The m-Rankin score at discharge was available for 9763 (99.2%) of patients included in the present study. Death at 30 days and 1 year after hospital admission was identified by linkages with the Registered Persons Database, which captures all deaths within Canada.
STATISTICAL ANALYSIS
Our approach to developing the clinical prediction rule is consistent with the approach of previous studies. 28 After exclusion of patients without ischemic stroke and those who received thrombolysis therapy, the cohort was divided into 2 groups based on the date of admission (before or after December 1, 2005), which served as the derivation and validation cohorts ( Table 1) .
Our overall objective was to develop and evaluate a simple, user-friendly, score-based prediction rule that uses the same scoring system for each of the outcome measures, rather than developing 3 separate prediction rules for each outcome. Since the 3 outcomes are related, we anticipated some consistency in the estimates for most variables. Accordingly, selection of the candidate variables and their scores were based on (1) independent strength of association between each variable and each of the 3 outcomes on multivariate analysis, (2) prevalence of the variable, and (3) subcategory of the variable (ie, preadmission, clinical presentation, and result of investigation), enabling a simple categorized scoring system.
On univariate analyses, we selected candidate variables for inclusion in the multivariate analyses on the basis of their ability to predict (P Յ .20) 30-day mortality, death, or severe dependence at the time of discharge (modified Rankin score of 5-6), and 1-year mortality. Limb weakness was derived from the CNS, 27 With complete clinical and investigation data 8143 which classified weakness into proximal and distal and into mild, significant, and total weakness for patients without comprehension deficit. On exploratory analyses, mild weakness was not significantly associated with any outcome. Therefore, weakness was dichotomized into significant or total weakness or mild or no weakness in either proximal or distal portion of the limb (or both). For patients with a comprehension deficit (18% of the entire cohort), the CNS documents whether power of the limb was equal or unequal to that of the corresponding limb, which was used as the dichotomy in these patients. For continuous variables, we used cubic spline plots to determine the relationship (strength and shape) between predictor variables and each outcome, 29 and cutoff points were selected on the basis of interpretation of the graphical representation. We also explored combining some variables that would not be expected to correlate with each other (eg, aphasia and neglect, because these are most often opposing hemispheric symptoms/signs). Discrimination of the model was assessed by the area under the receiver operating characteristic curve, and calibration was assessed by the Hosmer and Lemeshow 2 statistic and by comparing predicted and observed mortality or severe dependence in the sample using the Pearson correlation coefficient. 30 We used a regression coefficient-based scoring method, developed from estimates generated by the multivariate model. Integer scores were assigned by dividing the riskfactor coefficient by the age coefficient (decades) and rounding to the nearest unit. Finally, based on the score for each variable within each outcome, we selected a consensus score that best represented the association with each of the outcomes studied, which was based on the mean integer score for all 3 outcomes. The overall risk score was calculated by adding each component score. Ultimately, modest sacrifices in precision were made to enable a clinical prediction rule that was simple, memorable, logical, and applicable to all outcome measures. For example, our final scoring system was modified to permit a total score of 25 points, with three 5-point categories and one 10-point category. We initially developed a prediction rule that used only clinical variables and then assessed the effect of adding variables for results of investigations on both the C statistic and the proportion of participants who were categorized as very low and very high risk (the C statistic may be insensitive to important changes in classification categories). We validated the scoring system in the validation cohort for all 3 outcome measures. In a post hoc analysis, we explored whether the clinical prediction score identified patients with a good outcome (ie, modified Rankin score, 0-2). Analyses were conducted using commercial software (SAS, version 9.2; SAS Institute Inc).
RESULTS
In total, 9847 patients-4943 in the derivation cohort Table 1 reports selected characteristics of the derivation and validation groups. The mean age was 73 years, 48% were female, and the median CNS score was 9 (quartiles 1-3, 6.5-10.5). Overall 30-day mortality was 11.5% in the derivation cohort and 13.5% in the validation cohort.
PREDICTORS OF OUTCOME
Results of univariate analyses for all potential risk factors are presented in Table 2 . For aphasia and neglect, the proportion of patients with both symptoms and signs was low and the magnitude of association on multivariate analyses was similar; therefore, these factors were combined into a single variable. For temperature, we observed a bimodal relationship, with an increased risk of mortality for lower (Ͻ36°C) and higher (Ͼ38°C) temperatures. Table 3 provides the results of multivariate analyses.
RISK SCORES
Clinical Variables Alone
In the final multivariate model for clinical variables (Table 3) , we included 9 variables that could be categorized as preadmission comorbidities (5 points for preadmission dependence [1.5] , cancer [1.5] , congestive heart failure [1.0], and atrial fibrillation [1.0]), level of consciousness (5 points for reduced level of consciousness), age (1 point per decade, maximum of 10 points), and neurologic deficit (5 points for severe proximal weakness of the leg [2] , weakness of the arm [2] , or aphasia or neglect [1] ), to give a maximum score of 25. The PLAN score (based on preadmission comorbidities, level of consciousness, age, and neurologic deficit) ( Table 4 ) predicted all 3 clinical outcomes in the derivation and validation cohorts (C statistic, 0.82-0.89). In the validation cohort, the PLAN score predicted 30-day mortality (0.87; 95% CI, 0.85-0.88), death or severe dependence at discharge (0.88; 0.87-0.89), and 1-year mortality (0.84; 0.82-0.85) (Figures 2, 3, and 4 and Table 3 ). In the entire cohort, 49.2% of patients had a PLAN score less than 10; 2.3% of these patients had a stroke associated with in-hospital death or severe disability at discharge (modified Rankin score, 5-6), and 13.2% of patients had a score higher than 15; 64.4% of these patients had a stroke associated with in-hospital death or severe disability by discharge ( Table 5 ).
There was good calibration for all models (Hosmer and Lemeshow 2 ; P Ͼ .20 for all models). In addition, there was high correlation between observed and expected 30-day mortality, 1-year mortality, and modified Rankin score of 5 to 6 by discharge (Pearson correlation coefficient, 0.99 for all models).
PLAN Score and Favorable Outcome
The C statistic for a favorable outcome (modified Rankin score, 0-2) was 0.77 (95% CI, 0.76-0.79) in the derivation cohort and 0.80 (0.78-0.81) in the validation cohort ( Figure 5 ).
Addition of Investigations
In the final multivariate model of the clinical and investigation variables, we included an additional 4 variables. These included glucose level, 180 mg/dL or more (1 point) (to convert to millimoles per liter, multiply by 0.0555); hemoglobin level, 11.0 g/dL or less (1.5 points) (to convert to grams per liter, multiply by 10); white blood cell count, 10 000/µL or more (1.5 points) (to convert to ϫ10 9 cells per liter, multiply by 0.001); and temperature lower than 36°C or higher than 38°C (1 point) (maximum score, 30).
The PLAN-Investigational Testing (PLAN-IT) score predicted all 3 clinical outcomes in the derivation and validation cohorts, but the incremental gains in the C statistic estimates were negligible (Table 3 ) and the proportion of patients who were classified as very high and low risk was similar. 
SENSITIVITY ANALYSES
We completed subgroup analyses by sex, age, ethnicity (white and nonwhite), side of symptoms, Oxfordshire Community Stroke Project subtype, and inpatients who received thrombolysis therapy (excluded from the primary analysis). We observed an apparent reduction in the C statistic for 2 patient groups: those with lacunar stroke and those receiving thrombolysis therapy ( Table 6) .
COMMENT
We reported a new clinical prediction rule (PLAN) with a simple scoring system that can be used by general clinicians at the time of admission of patients with acute ischemic stroke and appears to have adequate discrimination for use in clinical practice. Although the PLAN rule requires external validation in other populations, it represents a promising tool for use in hospital-based medicine. Several prognostic clinical prediction rules have been developed in this patient population, but none is used widely in routine clinical practice. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Some prediction rules are not used clinically because of insufficient precision or limited generalizability because the population did not represent consecutive patients admitted with acute ischemic stroke. [3] [4] [5] 9, 12, 15, 17 Other rules, which report excellent precision, 2, 8, 13, 16, 19, 20 are difficult to use because of complex scoring systems that are a challenge to recall or calculate without web-based memory aids, they require a specialist's interpretation of investigations (eg, computed tomography and magnetic resonance imaging of the brain 6, 10 ), or they include a subscale that may require formal training (eg, National Institutes of Health Stroke Scale [NIHSS] 31 or CNS 27 ). Two recent clinical prediction rules 19, 20 were developed and validated in a large cohort of consecutive patients with acute ischemicstroke,andbothreportedexcellentCstatistics(0.85) for predicting mortality. However, similar to some other previous studies, 6, 9, 10, 17 both require completion of a stroke severity scale, such as the NIHSS. The NIHSS 31 requires standardized training, is unfamiliar to many nonstroke specialist physicians, and is completed in fewer than half the patients admitted to the Get With the Guidelines-Stroke Program hospitals. 19 Our instrument does not require completion of a subscale, uses a few key clinical variables that can be completed by general clinicians at the time of admission, and appears to have adequate discrimination for use in clinical practice. 32 Of the other prediction models, the one developed by Counsell et al 8 is most similar to the PLAN score and shares variable constructs. However, different definitions of key variables precluded a direct comparison between instruments, and a scoring system for their instrument was not reported. A clinical prediction rule, such as the PLAN rule, provides a standardized approach to estimating prognosis in groups of patients. For individual patients, its use should complement, and not replace, clinical assessment and judgment. Similar to other scales, some of the dichotomized variables included in the score do not represent the full spectrum of disease seen in clinical practice, most notably for cancer and congestive heart failure. In addition, our rule does not include all conditions that may influence prognosis, such as advanced liver or renal disease. Similarly, we did not include the results of neuroimaging, which many clinicians use to inform prognosis. Although Reid et al 18 failed to show that inclusion of baseline neuroimaging (eg, computed tomography) measures improved prognostic prediction, others 6, 33 have reported the prognostic importance of findings on neuroimaging. As such, the PLAN score provides a semiquantitative approach to a relatively imprecise clinical task.
Our study has several limitations. First, our population included patients admitted to regional stroke centers in Canada, and the findings may not be applicable to patients in other settings. In particular, outcomes after stroke may be influenced by greater availability of organized stroke services, stroke units, and potentially larger uptake of evidence-based therapies to prevent recurrent major vascular events and medical complications. Also, some measured (eg, atrial fibrillation) and unmeasured (eg, intracranial stenosis) etiologic factors may vary by region. 34 Second, our study is a cross-sectional measurement of predictor variables and does not capture the dynamic change of neurologic deficit, which is an important determinant of outcome. 35 Therefore, change in neurologic deficit will have important prognostic implications not captured in the PLAN score and emphasizes the importance of using the admission PLAN score as an Figure 5 . Proportion of patients with modified Rankin (m-R) categories at discharge by PLAN (preadmission comorbidities, level of consciousness, age, and neurologic deficit) score categories in the entire cohort. Modified Rankin score: 0 indicates no symptoms; 1, no significant disability despite symptoms (able to carry out all usual duties and activities); 2, slight disability (unable to carry out all previous activities but able to look after own affairs without assistance); 3, moderate disability (requiring some help but able to walk without assistance); 4, moderately severe disability (unable to walk without assistance and unable to attend to bodily needs without assistance); 5, severe disability (bedridden, incontinent, and requiring constant nursing care and attention); and 6, dead. Data were available for 9763 patients (99.2%).
adjunct to ongoing clinical assessment. Finally, our score is confined to patients with acute ischemic stroke and does not include patients with intracerebral hemorrhage, for whom other scales have been developed. 36, 37 Moreover, within the population of patients with acute ischemic stroke, we observed mitigated predictive precision for patients receiving thrombolysis therapy and those with lacunar stroke. Several factors may explain the reduced ability of the PLAN score to predict outcome in patients with lacunar stroke, including a lower proportion of those with a reduced level of consciousness and cortical symptoms; a lower prevalence of comorbid conditions, such as atrial fibrillation and congestive heart failure; and a lower overall mortality. Similarly, patients receiving thrombolysis therapy are likely to represent a narrower spectrum of stroke severity, and alternative approaches 12 to prediction of outcome may be required in this population. Accordingly, the PLAN score needs to be interpreted with caution in these patient groups.
A key strength of the PLAN score is its ability to predict the composite of severe dependence and mortality; many previous studies have used only mortality. 11, 13, 16, 19, 20 We believed it to be important to include severe disability, since some patients report very severe disability to be an outcome that is comparable to death. 38 In addition, we sought to develop a single score for each outcome rather than separate ones for mortality and severe dependence, since using different scoring methods would likely reduce their application in clinical practice. Although based on post hoc analyses, our analysis also suggests that the PLAN score may be used to predict favorable outcome (ie, modified Rankin score, 0-2), which would extend its clinical applicability ( Figure 5 ). We did not find that the addition of the results of investigations improved our ability to predict any outcome. A score that relies on clinical variables alone is of greater clinical utility in practice.
In conclusion, the PLAN clinical prediction rule identifies patients who will have a poor outcome after hospitalization for acute ischemic stroke. The rule uses clinical data available at the time of admission and may be completed by nonspecialist clinicians. Additional studies to independently validate the PLAN rule in different populations and settings are required. Abbreviations: LACI, lacunar circulation infarct; m-R, modified Rankin score; OCSP, Oxfordshire Community Stroke Project; PACI, partial anterior cerebral infarct; PLAN, preadmission comorbidities, level of consciousness, age, and neurologic deficit; POCI, posterior circulation infarct; TACI, total anterior cerebral infarct; tPa, tissue plasminogen activator.
